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Abstract/Synopsis

In order to make much stiffer, light weight and high performance material products, polymer nanocomposites play an emerging role in the material innovation. Unlike other thermoplastics, polymer nanocomposites are fabricated by introducing a small amount of solid nano-scale fillers such as nanoclay, carbon nanotubes or nanofibres. Recently, the addition of such nanoscopic fillers of high anisotropy instead of conventional reinforcing agents renders the polymer/nanoclay nanocomposites to exhibit interesting structure-property relationships and promising application perspectives. In thermoplastics, polypropylene is an outstanding material with respect to its attractive combination of low cost and extraordinary versatility in terms of properties and applications. However, the increasing demand of polypropylene for various applications requires greatly improved physical and mechanical properties. Hence, polypropylene (PP)/clay nanocomposites have quite a high potential to form such innovative materials and replace the conventional plastics in many automotive and packaging applications. With an industrial motivation to commercialize PP/clay nanocomposites products, development of new nanocomposites based on PP with improved properties is still a great scientific thrust. 
In the present contribution, the attention is focused on fabrication of PP nanocomposites using layered double hydroxides (LDHs) as a nano-filler and to investigate whether this results in significant improvements in the properties of the final composites. A longer term aim will be to extend the studies towards crystallization behavior and UV-durability of such hybrid materials in comparison with their smectite-type counterparts. Chapter 1 gives the brief background of polymer/clay nanocomposites, main motivation and research objective for the present study. Chapter 2 reviews the literature background and a thorough literature survey was carried out on PP based nano structured materials, methods of synthesis, material processing methods and their property evaluations. Chapter 3 describes the experimental methods and characterization techniques used in the preparation and characterization of PP-LDH nanocomposites. Chapter 4 focuses on synthesis and characterization part. Initially, a series of organomodified LDHs comprising different metal cation have been prepared and successfully characterized. In next step, PP/LDH hybrid nanocomposites were fabricated using PP-g-MAH as a compatibilizing agent by melt extrusion. The PP-g-MAH/LDH interactions result in a higher adhesion between the PP matrix and LDH nanolayers. The resultant nanocomposites give direct evidence for formation of intercalated/exfoliated structures of PP/LDH nanocomposites. 
In Chapter 5, the effect of LDH nano reinforcement on different characteristic properties of PP is discussed. Presence of LDH causes distinct changes in the thermal decomposition behavior in PP and a significant improvement in the thermal stability of PP is observed. The addition of LDH also contribute to the reinforcement effect by increasing the elastic modulus E'. A remarkable mechanical response i.e  both the tensile strength and the modulus increases with LDH content, similar trend is also observed in flexural properties of PP/LDH nanocomposites.  Rheological analysis depicts a strong influence of LDH particles on the flow behavior of the PP/LDH melt. This also gives indirect evidence that polymer chains are interlocked on the LDH particle surface or within clusters. The incorporation LDH also resulted in improved oxygen barrier properties of PP and exhibits fairly better barrier performance than PP/ OMMt nanocomposites. The flammability studies also showed improved flame retardancy in PP/LDH nanocomposites. For different LDHs, LOI increases in the following order Zn2Al-LDH > ZnMgAl-LDH > Mg2Al-LDH, indicate that the LDH can act as effective flame retardant for polypropylene.
The crystallization studies discussed in Chapter 6 reveal enhanced crystallization rates for non-isothermal as well as isothermal crystallization for nanocomposites with LDH as nanofillers. Also, LDH at nanometer level found to act as effective nucleating agent. The Avrami exponent ‘n’ varies from 1.9 to 2.9 for suggesting spherulitic crystal growth with heterogeneous nucleation at the low cooling rates. The melting behavior of PP is also slightly altered by addition of LDH. The addition of LDH does not change the overall crystalline structure of PP matrix. The crystallization studies can lead to the development of a fine grain micron-sized structure for the PP/LDH composites. Chapter 7 is devoted to understanding the performance of PP/LDH nanocomposites under photo-oxidative environment. It is observed that the PP/LDH nanocomposites are more durable in comparison with PP/OMMt nanocomposites under accelerated weathering conditions. The rates of oxidation are influenced by the divalent cations of the LDH layers. The LDH phases containing Mg2+ have a prodegradant effect on the nanocomposite material, whereas LDH with only Zn2+ has no influence on the rate of oxidation of the polymer matrix. The influence of stabilizing additives on the photooxidation of PP/LDH nanocomposites exposed to UV light shows that additive retains their activity in presence of LDH in contrast to the OMMt type nanoclay. The Zn2Al-DDS is found to be better LDH nanofiller for stabilization in presence in phenolic antioxidants. Finally, Chapter 8 summarizes the results and describes the salient conclusions of the study. Future perspectives for further research are also expressed.
We envision that this new hybrid material, which combines the advantages of  various physico-mechanical properties and better performance towards weathering, could play a significant role in the development of new nanocomposites for automotive, construction and packaging applications. 


